The Buriganga River receives partially treated sewage effluent, sewage polluted surface runoff and untreated industrial effluent from Dhaka city. This study examines the present status of surface water quality of Buriganga River at different locations in Dhaka City. The values of dissolved oxygen (DO), pH, colour, total coliforms, turbidity and ammonia were always very high over the year 2011. The maximum level of DO concentration was 3.4 mg/l, which is below the acceptable limit for surface water. Results also showed that high turbidity and low colour values were found in the rainy season while low turbidity and high colour values were found in the dry season. Moreover, the values of all parameters were always high at Buri 2 (Hazaribagh) because of the proximity of industrial sites. It is important to improve the water quality of the Buriganga River by protecting it from pollution.
INTRODUCTION
The water resources of Dhaka city are a burning issue in terms of extreme degradation of water quality of the surrounding water bodies. The water quality of the Buriganga River has been seriously affected by the dumping of municipal waste and toxic industrial discharges from industries on its banks, especially from the tanneries of the Hazaribagh (Kamal et al. ; Karn & Harada ) . Studies have also shown a significant impact on the water quality of Ganga River of extremely low quality wastewater effluent from a treatment plant and lack of proper environmental planning and implementation (Singh et al. ; Saha et al. ) . Figure 1 shows examples of industrial waste and wastewater dumped directly into the Buriganga River.
Rivers are significant resources for drinking water, irrigation, fisheries and energy production all over the world (Hacioglu & The water quality of the Buriganga River is too poor to be considered as safe for human consumption. Already the minimum dissolved oxygen (DO), the prime indicator of water quality, has been found to be less than the desirable level for certain sections of the Buriganga river during certain periods of the year. The DoE () found the level of DO was below 2 mg/l, which is far below the allowable limit for recreational and fishing purposes, as the standard minimum limit of DO is 5 ppm. Saha () also investigated the water quality of the Damodar River in India with the average DO, pH, biochemical oxygen demand and NO 3 value of 6.21 mg/l, 7.73, 3.86 mg/l and 0.861 mg/l, respectively. The chromium (Cr) concentration in the Buriganga River near Hazaribagh was found to be 0.232 mg/l while the recommended value is 0.05 mg/l (DoE ). Therefore, all the parameters indicate that the water quality in the Buriganga River is worse than the required standards, particularly in the dry season because of the low dilution factor created by the low flows in the river. During this time, the tidal nature of the flow causes pollutants to move in both directions and leads to a worsening of the problems.
The river turns deadly for fish and other organisms during this lean season. Once the level of water quality parameters drops to such an extent and the fish and other aquatic species die, it is almost impossible for the river to recover later on.
Other studies also showed that the water quality of the Surma River is moderately polluted in different parts of Bangladesh (DoE ; Hossain ; Alam et al. b) .
Water is of fundamental importance for ecosystems and the environment. The Buriganga River water is not used directly for drinking, but, as a resource for bathing, swimming and washing clothes, it is still widely used. So it is necessary to monitor the water quality of the Buriganga River to determine if the water is safe for various uses. However, the main objective of the present research was to analyse the water quality of the Buriganga River for the year 2011.
METHODOLOGY Study area
The River Buriganga flowing past Dhaka City, the capital of Bangladesh, is one of the most polluted rivers in Bangladesh. Generally, the flow of the Buriganga River is non-tidal and tidal during the wet and dry seasons respectively. The tidal range is between 6.0 and 8.0 m. However, the Buriganga is fed mainly by the Turag River, which receives flows from local rainfall and spill flows from the left bank of the Jamuna River.
Collection of data
Water samples were collected at four stations on the Buriganga River over 2011. These stations were Buri 1 (Gabtoli, Mirpur), Buri 2 (Hazaribag), Buri 3 (Millbarak, Laxmi Narayan Cotton mill) and Buri 4 (Fatulla, Narayangonj).
Analysis parameters
DO, pH and turbidity were measured using a DO meter, pH meter and turbidity meter, respectively. All samples were analysed after being filtered through 0.45-μm pore size filter paper. Colour was measured using a spectrophotometer.
The coliform tests were by the membrane filter method.
Ammonia-nitrogen was measured using the standard method 4500-NH 3 C (APHA ). Nitrate was determined by ion chromatography. Chromium and lead were analysed by high-performance liquid chromatography.
RESULTS AND DISCUSSION

Dissolved oxygen concentration
Dissolved oxygen concentration is a major issue for the sur- for all sampling sites, the pH value was 6.7-7.9; thus it was within the standard range of 6.0-8.5 recommended for surface water (DoE ).
The maximum values of pH recorded were 11.4, 12.1, 9.8 and 10.3 for Buri 1, Buri 2, Buri 3 and Buri 4, respectively, in March, and clearly above the recommended range. Moreover, the pH value was high for Buri 2 for all months because of several factories close by. From January to April and in December, the value of pH was also very high for all sites (above the acceptable limit) because of absence of water flow in the river. However, pH value decreased when river flow increased.
Turbidity
The present study shows turbidity in the range of 6.8-28.7 NTU (nephelometic turbidity units) for all sampling sites on the Buriganga River. Figure 4 illustrates the average monthly turbidity for all sites during 2011. According to DoE (), the highest acceptable limit of turbidity for surface water is 10.0 NTU; this limit was exceeded for sites except in January, February, November and December. The colour in the Buriganga River water tends to be at the complete opposite of the turbidity, i.e. there are high turbidity and low colour values in the rainy season and low turbidity and high colour values during the dry season.
The higher value of colour during the dry season is also a result of algae bloom during this time, which in turn is a result of high ammonia concentration, i.e. high organic load.
Biochemical oxygen demand concentration
Biochemical oxygen demand (BOD) is usually defined as the amount of oxygen required by bacteria in stabilizing the decomposable organic matter. BOD is another important parameter of water quality assessment. In the present study BOD was found to be in the range 1.5-15.3 mg/l. From January to March and in December, the value of ammonia was also very high for all sites because of absence of water flow in the river but was below the acceptable limit.
The concentration of ammonia decreased with the increase of river flow in the rainy periods of the year. 
Nitrate concentration
The nitrate concentration in Buriganga River increased from January to March when it reached maximum values of 4.8, 5.6, 4.9 and 3.8 mg/l for Buri 1, Buri 2, Buri 3 and Buri 4, respectively, for all stations; concentrations then decreased again to reach the lowest average value in September (0.6 mg/1) for Buri 1 (Figure 8 From January to March and in November and December, the value of nitrate was higher for all stations because of lack of water flow in the river during this period, but did not exceed the acceptable limit of 50 mg/l (DoE ).
Nitrate decreases with the increase of river flow during other periods of the year and because of the rainy season.
In 2011, the maximum nitrate content of Buriganga River water was 5.6 mg/l, while the allowable concentration of nitrate in surface water is 50 mg/l (DoE ).
Chromium concentration
Concentrations of chromium (Cr) are not very alarming at the present moment but, as the amount of Cr is increasing in the wastewater, there is a probability that the level of heavy metal may exceed the tolerable limit in future No comprehensive study of the river Buriganga has been carried out so far. Thus, it is important to determine the intensity of pollution by inventorying the heavy metal concentrations and their spatial and temporal distribution in Buriganga River water.
Total coliform concentration
The faecal coliform test is one of the most important biological parameters in drinking water quality. The microbiological quality of a river is controlled by human activities. According to Lika et al. () , faecal micro-organisms are mainly brought to aquatic environments through the discharge of untreated domestic wastewater and some industrial wastewaters in urban areas. The maximum amounts of total coliforms in our samples were 9,800, 10,200, 8,700 and 9,250 CFU/100 ml for Buri 1, Buri 2, Buri 3 and Buri 4, respectively, in February (Figure 11 ). According to DoE (), the amount of total coliforms of 0 is recommended for surface water; thus all total coliform counts in this study exceed the allowable limit. Rahman & Hadiuzzaman () found coliform concentration at the wastewater outfalls varied from 4 × 10 4 to 4.4 × 10 7 /100 ml at Tanbazar Khal.
Moreover, the amount of total coliforms was always high for Buri 2. From July to December, the total coliform counts were less for all sites because of the rainy season, while from January to June, the total coliform counts were very high because of absence of water flow in the river. The faecal contamination of water from slums located along the course of the river bed may be the reason for the high values in the present study.
CONCLUSIONS
The disposal of industrial waste effluent into riverine systems has given rise to heavily localized pollution and seriously threatens the environment. DO concentration is alarmingly low in the Buriganga River. Results also showed that high turbidity and low colour values were found in the rainy season, whereas low turbidity and high colour values were seen in the dry season. Moreover, the concentration of BOD was found in the range of 1.5-15.3 mg/l, indicating that the pollution affects water quality.
Moreover, the concentration of all water parameters was always high for the site of Buri 2 because of the industries situated there. So, the pollution level of the River Buriganga is increasing sharply; as we know, once a trend in pollution sets in, it generally accelerates to cause greater deterioration.
So a few years from now, serious water quality deterioration could take place.
